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[57] ABSTRACT

A comparator circuit for an integrator comprises first
and second transistors triggered by the integrator. The
integrator has a current-controlled input. The transis-
tors generate respective comparator output control
signals which change when the transistors switch be-
tween saturated and unsaturated states. The first and
second transistors are complementary transistors. A
first current source, comprising a third transistor, is
coupled to a source of supply voltage. One of the first
and second transistors forms a corresponding mirrored
current source with respect to the first current source.
The integrator comprises an integration capacitor cou-
pled to the mirrored current source. An output stage is

responsive to the output control signals from the first
and second transistors.

19 Claims, 3 Drawing Sheets
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1
COMPARATOR CIRCUIT FOR AN INTEGRATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention concerns a comparator circuit for an
integrator.

2. Prior Art

In many electrical circuits it is necessary to detect the
level of signals ‘and to alter the logic level of output
signals depending on the momentary value of this level,
for example, for ramp function generators using an
integrator.

The comparator function can be implemented by
using integrated comparators, for example, the LM 111
mode] from the manufacturer National Semiconductor.
The integrator function can be implemented, for exam-
ple, by using an operational amplifier of type 741 or a
regenerative (feedback) transistor. A combination of
both can be integrated on one chip.

However, for a defined operating manner of the com-
parator, its input voltage must normally lie in a range of
approximately 1 to 2 volts above the ground potential
and about 1 to 2 volts below the operating voltage. The
range of input voltage which can be exploited is there-
fore clearly limited with respect to the operating volt-
age.

There are comparators, for example type LM 193
from the manufacturer National Semiconductor, with
- which the input voltage can be utilized up to the ground
potential. However, the upper limit of the input voltage
range for this type also lies approximately 1 to 2 volts
below the operating voltage.

Apart from that, the circuits for such comparators are
relatively expensive and an integrated comparator cir-
cuit for an integrator would require a relatively large
chip area.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a compara-
tor circuit for an integrator which has an extended input
voltage range and is less complex and expensive to
implement.

This object is achieved by a comparator circuit ac-
cording to the invention, wherein the saturation of com-
plementary transistors triggered by the integrator is so
utilized that comparator output control signals change
only when the complementary transistors switch be-
tween saturated and unsaturated states. The corre-
sponding saturation voltage VCEsat of each of the
complementary transistors is about 50 mV. Two com-
parator outputs, for example, can be provided. The
logic level of the first output is changed when the input
voltage of the comparator circuit attains a first thresh-
old value defined by the sum of the ground potential
and VCEsat, and the logic level of the other output
changes when the input voltage of the comparator cir-
cuit reaches a second threshold value defined by the
difference between the operating voltage and VCEsat.

The output transistor for the first threshold value can
be activated, for example, by an NPN transistor. The
output transistor for the second threshold value can be
activated, for example, by a PNP transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a comparator circuit for an integrator
according to the prior art.
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FIG. 2 shows a comparator circuit for an integrator
according to the invention.

FI1GS. 3(a) and 3(b) show current and voltage dia-
grams respectively for the comparator circuit of FIG. 2
when current is flowing into the input 24.

FIGS. 4(a) and 4b) show current and voltage dia-
grams respectively for the comparator circuit FIG. 2
when current is flowing out of the input 24.

 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An integrator according to the prior art consists of an

amplifier 10 and an integration capacitor 11 as shown in

FIG. 1. Two differential amplifiers 12 and 13 are con-
nected to the output of this integrator. These are con-
nected to an operating voitage Vcc and to ground po-
tential. The reference voltage Vlow is applied to an
input 131 of the first differential amplifier 13, and the
reference voltage Vhigh is applied to an input 121 of the
second differential amplifier 12. Vhigh at input 121 of
the second differential amplifier 12 can then assume, for
example, a maximum value defined by the difference
Vcee—2 volts. Viow at input 131 of the first differential
amplifier 13 can assume, for example, a minimum value
defined by the sum of ground potential +1 volt.

The maximum amount by which the comparator
input voltage can be raised is therefore 2 to 3 volts
lower than the operating voltage Vcc, and a corre-
sponding integrated combination of integrator and com-
parators requires a relatively large chip surface.

FIG. 2 illustrates an integrator according to the in-
vention. The operating voltage Vcc is applied at termi-
nal 26 and ground potential is applied at terminal 27.
The Integrator comprises transistors 241 and 242 and
integration capacitor 21. The integrator is triggered
with a current at input 24 and receives its supply current
from a transistor 251 wired as a current reflector. This
supplies a mirror image of the current from the current
source using transistor 252.

The integration capacitor 21 is, likewise, connected
to the reflected (mirrored) current source using transis-
tor 251.

If a current flows into input 24, then the voltage at the
vertex or node between transistors 251 and 242 and
integration capacitor 21 decreases because this capaci-
tor is discharged. The voltage at this node gradually
approaches the value zero. This process ends when
transistor 242 is saturated and has a saturation voltage
between collector and emitter of approximately 50 mV.
A base current thereby flows in transistor 242. This base
current also flows through the collector of transistor

- 241 and through resistor 255, thus not flowing into
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resistor 256. The voltage at resistor 257 thereby drops
and output stage transistor 23 is blocked. If current
continues to flow into input 24, then transistor 241 also
becomes saturated so that this current, advantageously,
does not flow into the integration capacitor 21, but
flows instead into the base of transistor 241. The lower
level for the voltage at the node between transistors 251
and 242 and capacitor 21 is therefore detected by the
blocking transistor 23. The current flowing through
transistor 252 is, advantageously, only slightly influ-
enced by the voltage fluctuation at the collector of
transistor 241 if transistor 241 is saturated.

If a current flows out from input 24, then the voltage
at the node between transistors 251 and 242 and integra-
tion capacitor 21 increases because this capacitor is
charged. The voltage at this node gradually approaches
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the operating voltage 26 (Vcc). This process ends when
transistor 251 is saturated and has a saturation voltage
between collector and emitter of approximately SO0 mV.
A base current thereby flows in transistor 251. This base
current is supplied through the collector of transistor 5
253, and further, through the resistor 254. The voltage

at resistor 254 thereby increases and output stage tran-
sistor 22 becomes conductive. The upper level for the

voltage at the node for transistors 251 and 242 and ca-
pacitor 21 1s thus detected by the conducting transistor
22.

In this way, a voltage range defined by
{Vce—(2*VCEsat)] can be advantageously utilized for
the comparator. |

The lower expenditure on the circuitry for the com-
parator coupled with the integrator results in the re-
quired chip area upon integration being advantageously
small and the supply current for this circuit being ad-
vantageously low.

If the comparator outputs 222 and 223 are, for exam- 20
ple, utilized in order to respectively reverse the poles of
a current source and this current source is only con-
nected to input 24, then a ramp function generator re-
sults. The output voltage of this can be picked up at the
node connecting integration capacitor 21 and transistors
242 and 251.

- Some temporal current and voltage waveforms in the
comparator circuit according to FIG. 2 for the case of
a current flowing into input 24 are shown in FIGS. 3(a)
and 3(b), wherein:

ib(q2) is the base current of transistor 242;

ic(ql) is the collector current of transistor 241;

1e(qd) is the emitter current of transistor 256;

1b(g1) 1s the base current of transistor 241;

v(k1) is the voltage at collector of transistor 242;
v(k2) is the voltage at collector of transistor 256;
v(k6) 1s the voltage at base of transistor 242;

v(kS) 1s the voltage at base of transistor 23; and,
v(k232) 1s the voltage at collector of transistor 23 if this

is coupled with the operating voltage 26 (Vcc) via a 40

resistor.

Some temporal current and voltage waveforms in the
comparator circuit according to FIG. 2 for the case of
a current flowing out of input 24 are shown in FIGS.
4(a) and 4(b), wherein:
ic(g3) is the collector current of transistor 251;
ic(q4) is the collector current of transistor 253;
ib(g3) is the base current of transistor 251;
v(kl) i1s the voltage at collector of transistor 242;
v(k6) i1s the voltage at base of transistor 242;
v(k4) 1s the voltage at base of transistor 22; and,
v(k222) is the voltage at collector of transistor 22 if this

1s coupled with the operating voltage 26 via a resis-

tor.

If the operating voltage Vcc has a value of 5 volts for
example, then the usable wvoltage range is [5
volts —(2*0.05 volts)] =4.9 volts. A ramp function with
a period duration of 10 microseconds, for example, can
be achieved using an integration capacitor 21 of an
appropriate capacitance.

In a corresponding known circuit, for example, a
voltage range of only 2.5 volts, defined by Vec—2.5
volts, can be exploited. In order to implement a ramp
function with the same duration of period, the integra-
tion capacitor 21 would have almost twice the capaci-
tance value than in the invention and would, accord-
ingly, require nearly twice the chip area.

What 1s claimed is:
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1. A circuit, comprising:

a capacitance;

a first transistor operable with said capacitance for
generating an integrated waveform responsive to
an input signal;

a current mirror having a second transistor coupled

to said capacitance and to said first transistor, both
said transistors being unsaturated during charging

and discharging of said capacitance and being trig-
gered into saturation respectively responsive to
having minimum and maximum values of said
waveform;

means responsive to said transistors for generating
output control signals. .

2. The circuit of claim 1, wherein said output control
signals change states responsive to said saturation of
said transistors.

3. The circuit of claim 1, wherein said capacitance
comprises an integrating capacitor, said transistors
being collector coupled to said integrating capacitor
and emitter coupled respectively to different poles of a
voltage source.

4. The circuit of claim 7, wherein said means for
generating said output control signals is coupled to said
first transistor and to said current mirror.

5. The circuit of claim 1, wherein said waveform 1is
developed at a node defined by a common junction of
said capacitance and said transistors, said transistors
being collector coupled to said node and emitter cou-
pled respectively to different poles of a voltage source.

6. A circuit, comprising:

a capacitance;

a first transistor operable with said capacitance for
generating an integrated waveform responsive to
an input signal;

a second transistor coupled to said capacitance and to
said first transistor, both said transistors being un-
saturated during charging and discharging of said
capacitance and being triggered into saturation
respectively responsive to having minimum and
maximum values of said waveform; and

means for generating complementary output signals
responsive to detection of said saturation of said
transistors. |

7. The circuit of claim 6, wherein said means for
generating complementary output signals responsive to
detection of said saturation of said transistors comprises:

respective means for detecting said saturation of each
of said transistors; and,

an output stage for generating complementary output
signals responsive to said respective detecting
means.

8. The circuit of claim 7, wherein each of said respec-
tive detecting means is coupled to one of said first and
second transistors.

9. The circuit of claim 6, wherein said first and second
transistors are collector coupled to said capacitance and
emitter coupled respectively to different poles of a volt-
age source. -

10. The circuit of claim 6, wherein said waveform is
developed at a node defined by a common junction of
said capacitance and said first and second transistors,
said first and second transistors being collector coupled
to said node and emitter coupled respectively to differ-
ent poles of a voltage source.

11. A circuit, comprising:

a capacitance;
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a first transistor operable with said capacitance for
generating an integrated waveform responsive to
an input signal;

a second transistor coupled to said capacitance, both
said transistors being unsaturated during charging

- and discharging of said capacitance and being trig-
gered into saturation responsive to peak values of
said waveform, said transistors generating output
control signals which change only when said tran-
sistors are triggered into said saturation; and,

a voltage source coupled across said transistors, said
waveform having a peak to peak voltage substan-
tially coextensive with said voltage source.

12. The circuit of claim 11, further comprising means

for detecting said output control signals.

13. The circuit of claim 12, further comprising an
output stage for generating complementary output sig-
nals responsive to said detecting means.

14. The circuit of claim 11, wherein each of said
transistors has a collector coupled to said capacitance
and an emitter coupled to one pole of said voltage
source.

15. The circuit of claim 14, wherein said peak to peak
voltage of said signal is approximately:

Ycc—2*V CEGar),

where Ve is the potential across said poles of said
voltage source and Vcg (sar) 1S the collector-emitter
voitage of each of said transistors in saturation.
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16. The circuit of claim 11, wherein said peak to peak
voltage of said signal is approximately: |

Vee—2*V CEsary

where Vc is the potential of said voltage source and
V CE (sar) 1S the collector-emitter voltage of each of said
transistors in saturation.

17. The circuit of claim 11, wherein said waveform is
developed at a node defined by a common junction of
said capacitance and said transistors, said transistors
being collector coupled to said node and emitter cou-
pled to said voltage source.

18. A circuit, comprising:

an integrator, having a capacitance and having a first
transistor operable with said capacitance, for gen-
erating a waveform responsive to an input signal;
and,

a comparator, having a second transistor coupled to
said capacitance and to said first transistor, both
said transistors being unsaturated during charging
and discharging of said capacitance and being trig-
gered Into saturation respectively responsive to
having minimum and maximum values of said
waveform, and having means responsive to said
triggering of said transistors into saturation for
initiating comparator output control signals which
change responsive to said triggering.

19. The circuit of claim 18, wherein said integrator

operates responsive to a current control input signal.
* %X x%x *Xx X%
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